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April 10, 1998

Abstract

A summary of studies is presented towards minimization of beam loss
in the critical locations at the Fermilab Tevatron to reduce background rates
in the collider detectors and to protect machine components. Based on de-
tailed Monte-Carlo simulations, measures have been proposed and incorpo-
rated in the machine to reduce accelerator-related instantaneous and residual
background levels in the DØ and CDF detectors. Measurements performed
are in good agreement with the predictions. Most recent results on acceptance
and background rates in the DØ and CDF forward detectors are presented and
discussed in detail.

1 Introduction

In Run I the Tevatron reliably provided 900× 900 GeV pp collisions with a peak lu-
minosity up to 2.5×1031 cm−2 s−1. Work is progressing to upgrade the accelerator
and detectors into even more powerful research tools in Run II [1]. The high perfor-
mance of the Tevatron both in the fixed target and collider modes is achievable only
with a dedicated beam cleaning system embedded in the lattice. Recent proposals to
add new Forward Proton Detectors (FPD) to both DØ and CDF, which are strongly
coupled with the accelerator lattice, make the detector-machine interface issues of
primary concern. Only sophisticated simulations of beam loss in the interaction re-
gions (IR) and showers induced in accelerator and detector components (resulting in
increased backgrounds), along with coherent studies of detector acceptance, give a
clue on the feasibility of these new detectors. The most recent results on a beam col-
limation system and acceptance and background rates in the DØ and CDF detectors
for Run II are presented and discussed in this paper.

∗Published Proceedings of the LAFEX International School on High Energy Physics LISHEP98,
Workshop on Diffractive Physics, Rio de Janeiro, Brazil, February 16-20, 1998
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2 Beam Collimation System

2.1 Scraping Beam Halo

In the Tevatron, as in any other accelerator, the creation of beam halo is unavoid-
able. Proton (antiproton) scattering in the interaction points (IPs), in beam-gas in-
teractions and on the limiting apertures, the diffusion of particles due to various non-
linear phenomena out of the beam-core, as well as various hardware and software er-
rors, all result in emittance growth and eventually in beam loss in the lattice [2, 3, 4].
This causes irradiation of conventional and superconducting (SC) components of the
machine, an increase of background rates in the detectors, possible radiation dam-
age, quench, overheating of equipment and even a total destruction of some units. A
very reliable multi-component beam collimation system is the main way to control
beam loss and is mandatory at any SC accelerator, providing [3, 4]:

• reduction of beam loss in the vicinity of IPs to sustain favorable experimental
conditions;

• minimization of radiation impact on personnel and environment by localiz-
ing beam loss in the predetermined regions and using appropriate shielding in
these regions;

• protection of accelerator components against irradiation caused by operational
beam loss and enhancement of reliability of the machine;

• prevention of quenching of SC magnets and protection of other machine com-
ponents from unpredictable abort and injection kicker prefires/misfires and
unsynchronized abort.

In the early Tevatron days the first collimation system was designed [2] on the
basis of the MARS-STRUCT [5, 6] full-scale simulations of beam loss formation in
the machine. The optimized system, consisted of a set of collimators about 1 m long
each, was installed in the Tevatron which immediately made it possible to raise by
a factor of 5 the efficiency of the fast resonant extraction system and intensity of the
extracted 800 GeV proton beam. The data on beam loss rates and on their depen-
dence on the collimator jaw positions were in excellent agreement with the calcula-
tional predictions.

We have since refined the idea of a primary-secondary collimator set and shown
that this is the only way to use such a system in the TeV region with a length of a
primary collimator going down to a fraction of a radiation length. The whole system
should consist then of a primary thin scattering target, followed immediately by a
scraper with a few secondary collimators at the appropriate locations in the lattice
[3, 4, 7]. The purpose of a thin target is to increase amplitude of the betatron oscilla-
tions of the halo particles and thus to increase their impact parameter on the scraper
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Figure 1: Tevatron Run II collimators.

face on the next turns. This results in a significant decrease of the outscattered proton
yield and total beam loss in the accelerator, scraper jaws overheating and mitigating
requirements to scraper alignment. Besides that, the scraper efficiency becomes al-
most independent of accelerator tuning, there is only one significant but totally con-
trollable restriction of accelerator aperture and only the scraper region needs heavy
shielding and probably a dogleg structure. The method would give an order of mag-
nitude in beam loss reduction at multi-TeV machines, but even at the Tevatron we
have got a noticeable effect. Recently the existing scraper at AØ was replaced with
a new one with two 2.5 mm thick L-shaped tungsten targets with 0.3 mm offset rel-
ative to the beam surface on the either end of the scraper (to eliminate the misalign-
ment problem), resulting in reduction of beam loss rate upstream of both collider
detectors [8].

2.2 Beam Collimation for Tevatron Run II

A new sophisticated beam collimation system has been designed for the Tevatron
Run II (Fig. 1). It consists of a set of the primary and secondary collimators both for
nominal momentum and off-momentum halo interception. L-shaped primary colli-
mators shave the proton and antiproton beams as shown in Fig. 2. Proton halo phase
space at the corresponding secondary collimator is shown there also. Ellipses rep-
resent a 6σ beam envelope. A vertical line shows the location of the collimator jaw.
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Figure 2: Proton beam primary collimator D17(1) (left) and horizontal phase space
at secondary collimator D17(3) (right).

After the first interaction with a primary collimator, large amplitude particles are in-
tercepted by the secondary collimators, but some fraction survives and will interact
with the primary collimator again on the next turns. With primary collimators at 5σ
and secondary ones at 6σ, it takes 2-3 turns on average to intercept an outscattered
particle with the secondary collimator. Particles with amplitudes<6σ are not inter-
cepted by the secondary collimators and survive for another 20-30 turns until they
increase amplitude in the next interactions with a primary collimator. The halo tail
is extended beyond 6σ. Halo distribution in the Tevatron aperture is shown in Fig. 3.

Beam loss distributions in the Tevatron are presented in Fig. 4 for proton and
antiproton directions. Antiproton collimators intercept 6×106 p/s in the proposed
system, that is five times lower than the proton scraping rate and results in about
five times lower accelerator-related background in DØ and BØ. Beam loss rates in
the IRs are 35% lower if one puts the secondary collimators at 5.5σ, but one needs
to verify if such a 0.5σ offset is reliable and stable.
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3 Detector Interface Issues

At superconducting hadron colliders the mutual effect of the radiation environment
produced by the accelerator and experiments is one of the key issues in the inter-
action region and detector development [9, 10]. The overall Tevatron and DØ and
CDF detector performances are strongly dependent on details of such an interface.
Efforts were made at Fermilab to optimize the DØ and BØ regions with proposed
forward detectors in place for the Run II era.

3.1 DØ and CDF Forward Proton Detectors

Two new forward detectors have been recently proposed as new sub-detectors of
the DØ and CDF collider detectors the for Tevatron Run II (see, e. g., [11]). These
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detectors use the Tevatron magnets along with points measured on the track of the
scattered proton to determine the proton momentum and angle. They consist of
quadrupole spectrometers which tag outgoing protons or antiprotons with a mini-
mum t and a dipole spectrometer which detects particles with a minimum ∆p (see
Fig. 5). The DØ FPD includes four Roman pot units (with four pots each) placed in
the DØ straight section and two single units in the C48 location. The four units are
upstream and downstream of the separators with ‘A’ referring to outgoing antipro-
ton side and ‘P’ to outgoing proton side (Fig. 5). Each unit consists of four square
2×2 cm2 detectors placed in horizontal and vertical planes on each side of the beam.
The C48 units are placed only inside the accelerator orbit. The Roman pot positions
are adjustable in the x or y directions and can be moved according to the beam halo
conditions in the Tevatron.

Calculations of both DØ and CDF forward detector acceptances were done via
tracking of particles ejected from the IP with various momenta and angles for several
configurations. Horizontal acceptances of the CDF dipole and quadrupole spectrom-
eters are shown in Fig. 6. The calculated values are quite acceptable and naturally
go down with the Roman pots at larger distancies from the beam axis.
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3.2 Beam Loss and FPD Hit Rates

Realistic simulations of beam loss formation in DØ and BØ with beam collima-
tion system and forward proton detectors in place followed by full simulations of
induced hadronic and electromagnetic cascades were performed with the MARS-
STRUCT code system [5, 6]. It turns out that the accelerator related background in
the collider detectors is originated by beam halo loss in the Tevatron and FPD com-
ponents within±50 m from the IPs (see Fig. 7 [12]). The limiting apertures are the
βmax-region and the Roman pots placed at 8σ (DØ) and 10σ (BØ).

Some halo particles can pass through the Roman pot detectors several times in-
ducing excessive hit rates in the pots themselfs and in the main BØ and DØ detectors.
Calculations show that beam loss and hit rates are decreased by a factor of two by
moving the Roman pots at DØ from 8σx to 9σx. The price one pays is decreased
FPD acceptance (see Fig. 6). Therefore, the Roman pot positions will be chosen to
compromise the main detector background and the FPD acceptance.

Hit rates in the DØ and CDF FPDs depend strongly on the Roman pot distance
to the beam axis. Table 1 gives halo hit rate in the FPDs for several combinations.
The source term is driven by proton interactions with the primary collimators D17(1)
and D49 and, at lower rate, with the secondary collimators D17(2,3), F17(2), EØ (1)
and AØ. For the antiproton beam, the sources are the primary collimators F17(3)
and F49 and, at lower rate, collimators F17(1,2), EØ (2), D17(2) and F48. The Ro-
man pot detectors are at 8σx for the proton beam and 9.4σx for antiprotons. More-
over, the antiproton intensity intercepted by the collimation system is 5 times lower
compared to the proton intensity. Therefore, antiproton background in the Roman
pots amounts to only 2% of the total background, and backgrounds in the DØ detec-
tor due to Roman pots on the proton side are about two orders of magnitude higher
compared to the antiproton side.

Table 1: Halo hit rate (in 105 p/s) at the DØ and CDF Roman pots for several sec-
ondary collimator positions. All CDF Roman pots and DØ dipole pots are at 10σ.

Secondary collim. 5.5σx,y 6σx,y 7σx,y 6σx,y
DØ pots 8σx,y 9σx,y

D1 0.44 0.94 2.46 1.01
D3 0.41 0.89 2.30 0.98
AS 2.86 5.67 17.9 3.23
AQ 2.69 5.27 16.5 2.91

P1(1) 2.38 3.92 7.91 4.40
P1(2) 2.48 3.77 7.49 4.26
P1(3) 2.13 3.58 7.52 3.97

P2 5.84 10.7 23.5 11.7
P3 4.18 8.38 17.2 8.68
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3.3 Backgrounds in DØ and CDF

Calculated with MARS-STRUCT, accelerator-induced hit rates in both Fermilab col-
lider detectors are in good agreement with measurements (see, e. g., [8, 12] and
Fig. 8). With no Roman pots, the accelerator-induced background is at most a few %
of the background from pp collisions [8]. The DØ sub-detectors most sensitive to
accelerator-related background are the forward muon spectrometer and the SVTX
vertex detector. MARS-STRUCT simulations were done for 1013 protons and 1012

p per bunch (L=1032 cm−2s−1), combining the magnetic fields, pots, electrostatic
separators, quadrupole and dipole magnets, tunnel, shielding and the near-beam DØ
detector components. Typical results on neutron flux in the Tevatron tunnel and in
the DØ forward muon system are shown in Fig. 9. One sees that with the 8σ FPD
neutron fluxes are higher by about a factor of eight. A difference in charged particle
fluxes, directly responsible for hit rates, is not so big. A ratio of hit rate in the for-
ward muon chambers with FPD to that without FPD is calculated to be 4.5 for pots
at 8σ and 1.5 for pots at 9σ, implying a total increase in background rates of at most
15% and 5%, respectively.

The situation is rather similar for the central detector. Figs. 10 and 11 show cal-
culated with MARS-STRUCT-GEANT photon fluxes in the DØ SVTX with and with-
out FPD for the Run II parameters [13]. One sees that the accelerator related flux
being at maximum (r∼5 cm) 0.3% of that due to pp-collisions, is about ten times
larger with FPD at 8σ. At larger radii (r>10 cm), all components of the accelerator
background in the central detector are negligeble compared to ones from IP, because
of the self-shielding by the detector body.
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Figure 8: Calculated and measured azimuthal distributions of hits in the rear plane
(Run I): (a) radially integrated; (b) inner and outer radial bins.
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Figure 9: Neutron isoflux (cm−2s−1) in the DØ region with the collision hall at path
length >2200 cm for baseline (left) and Roman pots at 8σ (right).

4 Conclusions

Beam losses in the Tevatron can be reliably controlled via a new sophisticated beam
collimation system. Tracking studies show that both DØ and CDF FPDs have quite
good acceptance for detecting scattered p and p. Calculations confirm that halo back-
ground is not a problem for hard diffractive processes. Realistic MARS-STRUCT

simulations show that the increase of background rates in the forward muon sys-
tem due to beam halo interactions with Roman pots is at most 15% for pots at 8σ
and a few % for pots at 9σ. With 1 ns time resolution in the pixel trigger counters
and a 20 ns gate, one can easily distinguish between hits from halo and from pp-
interactions. MARS-GEANT simulations give very similar numbers for DØ SVTX.
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Figure 10: Radial distributions of accelerator-related photon flux in the DØ central
detector at the four distances from IP without FPD detector. Symbols show the pho-
ton flux due to pp collisions.
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Figure 11: Radial distributions of photon flux in the DØ central detector at the four
distances from IP with FPD detector at 8σ. Symbols show the photon flux due to pp
collisions.
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